TCR-mediated recognition of β-linked self-glycolipids bound to CD1d is poorly understood. Here, we have characterized the TCR repertoire of a CD1d-restricted type II NKT cell subset reactive to sulfatide involved in the regulation of autoimmunity and antitumor immunity. The sulfatide/CD1d-tetramer + cells isolated from naïve mice show an oligoclonal TCR repertoire with predominant usage of the Vα3/Vα1-Jα7/Jα9 and Vβ8.1/Vβ3.1-Jβ2.7 gene segments. The CDR3 regions of both the α-and β-chains are encoded by either germline or nongermline gene segments of limited lengths containing several conserved residues. Presence of dominant clonotypes with limited TCR gene usage for both TCR α-and β-chains in type II NKT cells reflects specific antigen recognition not found in the type I NKT cells but similar to the MHC-restricted T cells. Although potential CD1d-binding tyrosine residues in the CDR2β region are conserved between most type I and type II NKT TCRs, CDR 1α and 3α regions differ significantly between the two subsets. Collectively, the TCR repertoire of sulfatide-reactive type II NKT cells exhibits features of both antigen-specific conventional T cells and innate-like cells, and these findings provide important clues to the recognition of β-linked glycolipids by CD1d-restricted T cells in general.
autoimmunity | CD1 | liver | sulfatide | thymic selection A ntigen recognition of peptides presented by the classical polymorphic major histocompatibility complex (MHC) class Ia or class II molecules to TCRs has been extensively analyzed both structurally and functionally. Generally, the complementaritydetermining region (CDR) loops CDR1 and CDR2 interact with the MHC portion of the MHC-antigen complex, whereas it is the CDR3 region that contacts the peptide antigen, with some exceptions (1) . Lipid antigens are recognized by TCRs when presented by the β2-microglobulin-associated MHC-like molecule CD1. CD1 molecules are monomorphic and can be classified into three groups: group 1 comprises CD1a, CD1b, and CD1c, group 2 CD1d, and group 3 CD1e (2). CD1d is highly conserved among the species and is involved in presenting lipids, glycolipids, and lipoproteins of self or foreign origin to natural killer T (NKT) cells (reviewed in refs. [3] [4] [5] .
CD1d-restricted NKT cells can be categorized into two groups: type I and type II. Type I NKT cells use a TCR α-chain encoded by the Vα14-Jα18 and a β-chain predominantly using Vβ8.2, Vβ7, or Vβ2 gene segments in mice (3) (4) (5) . These cells are strongly reactive with the marine sponge-derived glycolipid α-galactosyl ceramide (αGalCer) and can recognize bacterial-derived lipids or a selfglycolipid, isoglobotrihexosyl ceramide (iGb3) (6) (7) (8) . Recently, crystallographic and alanine mutagenesis analyses have examined type I NKT TCR interactions with the αGalCer/CD1d complex (9) (10) (11) (12) (13) . Unlike the TCR interaction with peptide/MHC complexes, crucial residues for this interaction are mainly located in the CDR2β loop contacting the CD1d molecule, in the CDR3α loop contacting both glycolipid antigen and the CD1d molecule, and in the CDR1α loop contacting solely the α-linked galactose moiety of the antigen (1, (9) (10) (11) (12) (13) .
Type II NKT cells are thought to use diverse TCRs (3, 14, 15) . A detailed analysis of the TCR repertoire of type II NKT cell subsets has not been carried out. Earlier studies of non-Vα14, CD1d-reactive T cell hybrids in MHC class II-deficient mice revealed a predominant Vβ8 and Vα3.2/Vα8 gene segment usage with diverse CDR3 regions (16) . We have identified a major subset of type II NKT cells reactive to the self-glycolipid 3′-sulfated galactosyl ceramide, sulfatide (17, 18) . The crystal structure of a sulfatide/murine CD1d complex shows how the β-linked galactose head group of sulfatide projects out and away from the binding pocket of CD1d, resulting in a conformational change associated with greater exposure of CD1d residues (19) compared with the conformation of an α-linked galactose in the αGalCer/CD1d complex. It is noteworthy that β-linked glycolipids are more prevalent among mammals and type II NKT cells are also abundant in humans (20) (21) (22) (23) . How β-linked self-glycolipids bound to the CD1d molecules are recognized by TCRs remains unknown. This study examines in detail the TCR V gene repertoire of a major type II NKT cell subset reactive to a β-linked glycolipid, sulfatide, involved in a novel immunoregulatory pathway controlling autoimmunity and antitumor immunity (24, 25) .
Here, we show that sulfatide-reactive type II NKT cells isolated from naïve, unprimed animals have an oligoclonal TCR repertoire with predominant usage of Vα3/Vα1-Jα7/Jα9 and Vβ8.1/ Vβ3.1-Jβ2.7 gene segments. CDR3 regions of both the TCR α-and β-chains are encoded by germline or nongermline sequences and have defined lengths containing several conserved residues. Thus, features of both innate-like cells and antigen-specific conventional T cells are present in the type II NKT cells. This study has implications for how TCRs discriminate between β-linked and α-linked glycolipids, and for recognition of self-glycolipids by TCRs in general. , and most of them do not express the early activation marker CD69 (Fig. 1A) . As shown in Fig. 1B , tetramer + cells predominantly stained with anti-Vβ8 (33%) and anti-Vβ3 (24%) (Fig. S1 ). However, modest response of tetramer-sorted cells to sulfatide may suggest their highly unstable nature or their inherent ability to respond poorly. Next, the RT-PCR analysis of the sorted tetramer + cells showed predominant expression of Vβ8.1, but not Vβ8.2, and minor expression of Vβ3.1/Vβ7 gene segments (Fig. 1B) . As control, sorted sulfatide/ CD1d-tetramer-negative cells from Jα18 −/− mice, as well as total liver MNCs and splenocytes from WT mice, showed broad expression of the different Vβ genes (Fig. 1B) Next, spectratyping analysis was carried out to further examine the CDR3β regions of sulfatide/CD1d-tetramer + cells. Initial Cβ run-off reactions showed significant expansions for only Vβ8.1, Vβ3.1, and Vβ7 genes, but not for Vβ8.2. As control, typical Gaussian distributions of CDR3 lengths were seen for all Vβ-Cβ products from sorted tetramer-negative cells and from total splenocytes. Following Jβ run-off reactions with 12 different Jβ primers, significant expansions were found only for Vβ8.1-Jβ2.7 and Vβ3.1-Jβ2.7 products, as shown in Fig. 2 . No significant expansions were detected for any other Jβ gene segment. Predominant CDR3 lengths of 6, 7, and 8 aa were found for the Vβ8.1-Jβ2.7 and of 7 and 9 aa for the Vβ3.1-Jβ2.7 products, revealing few dominant clonotypes of restricted CDR3β lengths. As control, tetramer-negative cells and total splenocytes showed no specific expansions for any Jβ run-off product examined, including Vβ8.1, Vβ3.1, and Vβ7 (Fig. 2) .
Results
To further analyze the respective CDR3β regions in sulfatide/ CD1d-tetramer + cells, Vβ-Cβ PCR products were cloned and sequenced. Of 63 Vβ8.1 + clone sequences, 50.8% were redundanti.e., the nucleotide sequences were shared by more than one clone (Table 1 )-whereas another 12.7% were redundant at the amino acid level. Most sequences (41.3%) used Jβ2.7, whereas the remaining sequences showed diverse Jβ gene segment usage (Table 1) . Interestingly, none of the Vβ3.1 + clone sequences were redundant, and 18.2% used the Jβ2.7 gene segment (Table 1) . Consistent with spectratyping results, Vβ8.1-Jβ2.7 sequences showed predominant CDR3 lengths of 6, 7, and 8 aa, and Vβ3.1-Jβ2.7 sequences were of 7 and 9 aa (Table 1) . Collectively, sequencing and spectratyping analyses showed predominant usage of Vβ8.1/Vβ3.1 and Jβ2.7 gene segments with restricted CDR3 lengths by sulfatide/CD1d-tetramer + cells. To further investigate the TCR Vα gene usage, spectratyping analysis was carried out. As depicted in Fig. 2 , significant expansions were found for the Vα3-Cα and Vα1-Cα products: two dominant Vα3 clonotypes with CDR3 lengths of 8 and 9 aa and one single predominant Vα1 clonotype with a CDR3 length of 8 aa were detected. In contrast, control populations (tetramernegative cells and total liver lymphocytes) showed Gaussian distributions for these gene segments (Fig. 2 ).
Sequencing analysis (Table 2 ) confirmed predominant usage of Vα3 and Vα1 gene segments. Table 2 shows that most tetramer + cells use the Jα7 (≥50% of Vα3 and Vα1) or Jα9 (>46% of Vα1 and >7% of Vα3) gene segments. Another 25% of the Vα3 sequences used the Jα12 gene segment. The sequences were highly redundant (>97%), with all Vα1 and > 96% of Vα3 nucleotide sequences being shared by different clones. In accord with spectratyping analysis (Fig. 2) , sequencing analysis also detected predominant CDR3α lengths of 8 and 9 aa (Table 2; for Vα3, 53.6% CDR3 length of 8 aa, 35.7% of 9 aa; for Vα1, 84.6% CDR3 length of 8 aa). Collectively these results show a highly oligoclonal TCR Vα repertoire with predominant usage of Vα1/ Vα3 and Jα7/Jα9 gene segments and limited CDR3α lengths for sulfatide/CD1d-tetramer + cells.
CDR3β and CDR3α Regions of Sulfatide-Reactive Type II NKT Cells Contain Conserved Motifs and Are Encoded by Both Germline and
Nongermline Sequences. To examine whether CDR3β and CDR3α regions are encoded by germline or N-additions, DNA sequences were compared with germline matrices (IMGT). We found that CDR3 regions of Vβ8.1, Vβ3.1, and Vα3 are encoded by both germline and nongermline: the proportion of germline sequences was 12.7% for Vβ8.1, 27.3% for Vβ3.1, and 14.3% for Vα3. However, all Vα1 CDR3 regions were encoded by Nadditions. CDR3 regions of the most prevalent Vβ8.1-Jβ2.7 and Vα3-Jα7 chains encoded by germline or by N-additions are shown in Fig. S3 . CDR3 regions were examined for conserved amino acid residues. A basic amino acid residue, either lysine or arginine, was found at the end of all CDR3α regions, four residues upstream of the GXG motif ( Fig. 3A and Table 2 ). Additionally, all Vα1 sequences had another basic amino acid residue at position 93 or 94. Most Vα3 sequences displayed the neutral residues serine and alanine at these positions. In vast majority of CDR3β regions, an acidic amino acid (aspartic or glutamic acid) was present at the end, 4-5 residues upstream of the GXG motif ( Fig. 3A and Table 1 ). Furthermore, a serine residue was predominantly (>66%) found at position 94 ( Fig. 3A and Table 1 ). Whereas most Vβ8.1 sequences (50.8%) coded for another acidic amino acid at position 95, most Vβ3.1 sequences (72.7%) encoded the neutral residue leucine (Fig. 3A and Table 1 ).
These conserved CDR3 residues on TCR α-and β-chain of tetramer + cells originate either from germline or from rearranged N-additions. Thus, S93 in Vα3 sequences is always, and L95 in Vβ3.1 sequences in >87%, encoded by V gene germline alone. In contrast, all R/K 93/94 residues among Vα1 sequences are encoded by N-additions. The residues D95 in Vβ8.1 and A94 in Vα3 sequences are encoded either by germline (69% and 43%, respectively) or by N-additions (31% and 57%, respectively).
Whereas CDR2β Residues Are Conserved, CDR3α and CDR1α Regions
Are Highly Diverse Between Type I and Type II NKT Cells. Because recent studies suggested the importance of CDR1α, CDR3α, and CDR2β residues of the invariant TCR in the recognition of glycolipid bound to CD1d (1, 9, 10, 12) , we compared these regions RNA extracted from sorted tetramer + cells was subjected to RT-PCR, and Vβ-Cβ PCR products were cloned and sequenced. Sixty-three sequences were obtained from 133 Vβ8.1 clones and 11 sequences from 25 Vβ3.1 clones. Redundancy signifies identical nucleotide sequences found among the respective clones. between sulfatide-reactive type II NKT cells and type I NKT cells (Fig. 3B) . In the CDR2β regions, the crucial tyrosine residues, at position 48 and 50, were found to be conserved among most Vβ8 + type I and type II NKT cells (Fig. 3B) . In contrast, these residues were found in neither Vβ3.1 chains, used by type II NKT cells (Fig. 3B) , nor Vβ2 chains, used by type I NKT cells. On the other hand, there appears to be a bias between the two NKT cell subsets in the CDR2β region: At position 53, Vβ8.1 and Vβ3.1 chains carry a negatively charged residue, aspartic acid or glutamic acid (Fig. 3B) , whereas Vβ8.2, Vβ8.3, and Vβ2 chains hold a neutral glycine residue. The CDR1α and CDR3α regions showed significant differences between type I and type II NKT cells (Fig. 3B) . Interestingly, among type II NKT cell TCRs, a number of residues were conserved regardless of Vα3 or Vα1: at positions 27-29, SAT and SAS motives for most Vα3 and Vα1, respectively, were found, and at position 31, a tyrosine residue was found. (Fig. 4) . These data suggest that other CD1d-binding self-glycolipids might be sufficient for the thymic selection of sulfatide-reactive type II NKT cells.
Discussion
This study characterizes the TCR V gene repertoire of a major CD1d-restricted type II NKT cell subset recognizing a β-linked selfglycolipid, sulfatide. Sulfatide-reactive NKT cells are oligoclonal and use predominantly the TCR Vα3/Vα1-Jα7/Jα9 and Vβ8.1/ Vβ3.1-Jβ2.7 gene segments with few dominant clonotypes of restricted CDR3 lengths and conserved amino acid residues. CDR3 regions of both TCR α-and β-chains are encoded by germline sequences or germline sequences with N-additions. Collectively, our data emphasize this type II NKT cell subset displays both innate-like features and characteristics of antigen-specific conventional MHC-restricted T cells.
The oligoclonal TCR V gene usage by sulfatide/CD1d-tetramer + cells isolated from naïve or unprimed animals is quite significant. Consistently, only a low expression of CD69 is found on most of the tetramer + cells (Fig. 1A) , similar to other Vα3.2/Vβ9 + type II NKT cells (27, 28) . It is remarkable that in the absence of any external immunization with the antigen, spectratyping (Fig. 2) and sequencing analysis (Tables 1 and 2 ) indicate the presence of dominant clonotypes of limited CDR3 lengths in this NKT subset. Because tetramers are loaded with bovine brain-derived sulfatide consisting of several molecular species only differing in the CD1d-binding domain (19) , the TCR V-J gene usage is likely to be overlapping among TCRs reactive to individual sulfatides. Two findings are consistent: (i) cells stained with tetramers loaded with an immunodominant synthetic cis-tetracosenoyl sulfatide also are predominantly Vβ8 + , Vα3 + , and Vβ3 + (Fig. S4) ; and (ii) antigen fine specificity of a sulfatide-reactive hybridoma, Hy19.3, showed that it is only strongly reactive to lyso-sulfatide (17, 18, 29) and utilizes the TCR Vα1-Jα26 and Vβ16-Jβ2.1 gene segments with similar CDR1α, CDR3α, and CDR2β sequences to the TCRs of sulfatide/CD1d-tetramer + cells (Fig. S5 ). Further analysis of individual T cell hybridomas is required to clarify this issue.
Only some but not all type II NKT cells recognize sulfatide and accordingly should be reactive to other lipid antigens and should use distinct TCR repertoires. Consistent with this idea, a number of CD1d-reactive T cell hybrids isolated from MHC class II-deficient mice (15, 16, 28) (17, 18) . Accordingly, none of them expressed the TCR Vα-Jα and Vβ-Jβ gene segments predominantly used by sulfatide/CD1d-tetramer + cells. These data suggest that the TCR repertoire of this type II NKT cell subset also has key features similar to that of the conventional MHC-restricted self-protein-reactive T cells and can distinguish different lipids.
Several observations suggest the antigen specificity as well as selection of certain conserved amino acid residues among the TCRs of sulfatide-reactive type II NKT cells. (i) Distinct TCR clones with different DNA sequences in the CDR3β region encode for the same conserved amino acids [Vβ8.1 clones 3, 45 vs. 19, Vβ8.1 clone 99 vs. 105, and Vβ8.1 clones 91, 117 vs. 124 (Table 1) ].
(ii) Conserved amino acid residues in the CDR3 regions can be generated by germline DNA sequences or by N-additions-for example, D95 in Vβ8.1 and A94 in Vα3 are encoded by Nadditions in 31% and 57%, respectively. (iii) Conserved basic amino acids at position 93 or 94 of Vα1 are all encoded by N-additions. (iv) A predominant usage of the Jβ2.7 gene segment, restricted lengths, and several conserved residues suggest a key role of the CDR3β region in recognition of sulfatide, similar to that in conventional MHC-restricted T cells. Conserved residues selected in different CDR regions of the TCRs are likely to play an important role in binding to sulfatide/CD1d complex.
Sulfatide-reactive type II NKT cells also display several features of innate-like lymphocytes. These cells express NK cell markers and secrete cytokines rapidly upon stimulation with their self-lipid ligand (17, 25) . The TCR α-and β-chains of type II NKT are encoded by germline gene segments, and some of the conserved CDR3 region residues (e.g., S93 in Vα3) are only generated by the germline sequences. Despite the sharing of some of these features, there are important differences among type II and type I NKT cells or MR-1-restricted mucosal-associated invariant Vα19-Jα33 + T (MAIT) cells (3, 30, 31) . For example, the latter subsets have an activated/ memory phenotype, and their TCRs are comprised of an invariant α-chain. Accordingly, CDR3α regions of type I NKT and MAIT cells are 75-88% encoded by germline gene segments, whereas only ∼14% are in the case of type II NKT cells. In contrast, 13-27% of CDR3β regions among type II NKT cells, but none among type I NKT or MAIT cells, are germline-encoded. Furthermore, CDR3β regions in type II NKT cells show a predominant usage of the Jβ2.7 gene segment, restricted lengths, and conserved residues not found in type I NKT or MAIT cells (3) (4) (5) (30) (31) (32) . The TCR repertoire of type II NKT cells is highly oligoclonal with respect to both the TCR α-and the β-chains, whereas it is primarily restricted to the α-chain for type I NKT and MAIT cells.
Recent structural studies have suggested the involvement of crucial residues within the CDR2β, CDR1α, and CDR3α loops of the semi-invariant TCR in recognition of the αGalCer/CD1d complex (9) (10) (11) (12) . It is notable that two conserved residues (48Y and 50Y) in the CDR2β loop of the type I NKT TCR that contact the CD1d molecule (9) (10) (11) (12) are also present in the Vβ8.1 TCRs of type II NKT cells (Fig. 3B) . Consistent with the idea that other CDR2β region residues in the Vβ2 and Vβ7 type I NKT TCRs (11, 13) can also bind to CD1d, these tyrosine residues are not present in the Vβ3.1 TCRs of the type II NKT cells. It is noteworthy that all Vβ8.1 and Vβ3.1 TCRs of type II NKT cells carry a negatively charged residue at position 53 in the CDR2β region, whereas a neutral glycine residue is present in most TCRs of type I NKT cells (Fig. 3B ). It will be interesting to examine whether residue 53 may play a key role in recognition of the sulfatide/CD1d complex. In contrast to the CDR2β region, CDR3α as well as CDR1α regions between the type I vs. type II subsets are quite different in almost every residue. However, CDR1α regions among TCRs of the type II NKT cells are very similar and comprise abundant hydroxyl groups. Because this region of the invariant TCR contacts solely the galactose moiety (9) (10) (11) , it is possible that these hydroxyl groups bind to the hydrophilic sulfated galactose. A conserved CDR3β region among TCRs of type II NKT cells is likely to be involved in the recognition of the sulfatide/CD1d complex, consistent with the recent studies of invariant TCRs (11, 13) . The β-linkage of galactose and the presence of a negatively charged sulfate group in sulfatide indicates that the sulfatide/CD1d complex is likely to have a different conformation from αGalCer/CD1d for TCR recognition (19) and may reflect differences in recognition of the β-linked vs. the α-linked glycolipids.
Several studies on experimental models of autoimmune diseases, parasitic diseases, and antitumor immunity suggest that type I and type II NKT cells play opposite or cross-regulating roles (24, 25, 33, 34) . Thus, sulfatide-reactive type II NKT cells suppress antitumor immunity in several tumor models, whereas type I NKT cells promote immune responses against cancer (24, 35) . Furthermore, sulfatide-mediated activation of type II NKT cells protects animals from experimental autoimmunity including EAE and Con A-induced hepatitis, models for multiple sclerosis and liver injury, respectively (17, 25) . Earlier data (17) showed that sulfatide-reactive type II NKT cells infiltrate into the CNS during EAE. Because tissues are enriched in different sulfatides, tissue-infiltrating type II NKT cells may display distinct TCR repertoires during disease.
Whether and how the TCR repertoire of self-glycolipidreactive CD1d-restricted T cells is influenced by the presence or absence of the respective glycolipid is not yet clear. Some of the complicating factors in these studies are related to the presence of minute quantities of glycolipids, alternate synthesis pathways, and ability to detect low levels of lipids that can potentially influence thymic selection. Nevertheless, except for the earlier report related to the complete absence of type I NKT cells in iGb3-deficient mice (7) , other studies have demonstrated normal levels of NKT cells in the self-glycolipid-deficient animals (36, 37) . We have consistently found an increased number of sulfatide-reactive type II NKT cells in mice lacking sulfatide: CST −/− mice deficient in all sulfolipids and CGT −/− mice devoid of all galactolipids (17) . These data suggest that self-ligands other than sulfatide and iGb3 can potentially select type II and type I NKT cells, respectively, in the thymus similar to that for conventional MHC-restricted T cells (38) . Furthermore, sulfatides may be involved in the negative selection of sulfatide-reactive type II NKT cells.
Studies presented here describe the nature of the TCR repertoire of a major self-glycolipid-reactive type II NKT cell subset involved in the regulation of autoimmune diseases and in suppression of antitumor responses. The findings provide a molecular tool for tracking these cells under physiological conditions in vivo and have implications for the recognition of β-linked glycolipids by T cells in general. In this regard, a detailed knowledge of glycolipid-CD1d-TCR interactions conserved from mice to humans may help in the development of HLA-independent immunotherapeutics for T cell-mediated inflammatory diseases.
Material and Methods
Animals. C57BL/6 mice were purchased from The Jackson Laboratory. CD1d −/− and Jα18 −/− BL/6 mice were originally generated by Van Kaer and Taniguchi (6), respectively. C57BL/6-CST −/− mice were acquired from K. Honke (Osaka University, Japan). All mice were bred and maintained in specific pathogenfree conditions. Treatment of animals was in compliance with federal and institutional guidelines and approved by the Torrey Pines Institute for Molecular Studies Animal Care and Use Committee.
Lipids and Tetramers. Purified bovine myelin-derived sulfatide (>90% pure) was purchased from Matreya, mono-GM1 was from Sigma, and synthetic α-GalCer was provided by Y. Koezuka (Kirin Brewery Co.). All lipids were dissolved in vehicle (0.5% Tween-20 and 0.9% NaCl solution) and diluted in PBS. PE-labeled murine CD1d tetramers were generated using a baculovirus expression system as described in ref. 17 .
Cell Isolation, Sorting, and Flow Cytometry. MNCs were isolated from murine livers, using Percoll gradient as described in ref. 25 RT-PCR and DNA Sequencing. RNA was extracted using the RNeasy Mini Kit (Qiagen) from two different sorts from Jα18 −/− mice and from unsorted hepatic MNCs or splenocytes from BL/6 mice. Following reverse transcription, equal amounts of cDNA were subjected to PCR using TCR Vβ-Cβ and Vα-Cα primers (40, 41) . Purified PCR products (Qiagen) were ligated into pCR 2.1-TOPO TA cloning vector (Invitrogen). Purified plasmid DNA was sequenced (Retrogen), and sequences were analyzed using DNA Strider 1.2 software. The CDR3 region DNA sequences were compared with germline matrices from the IMGT databank, and amino acid sequences were deduced from the respective alleles in the IMGT databank.
Spectratyping Analysis. TCR CDR3 length spectratyping analysis was performed as described in ref. 42 . For TCR CDR3α analysis, cDNA was amplified accordingly with respective Vα primers and Cαa primer (41) . Respective Vβ-Cβ and Vα-Cα PCR products were subjected to run-off extension reactions with fluoresceinated Cβ5 (5′-FAMCTTGGGTGGAGTCACATTTCTC-3′) or Cαb primers (5′-FAM-ACACAGCAGGTTCTGGGTTC-3′) and different fluoresceinated Jβ primers (40) . PCR products were separated on the basis of their length on automated ABI PRISM 3100 genetic analyzer, and CDR3 lengths were calculated.
Statistics. Data are expressed as mean ± SD for each group. Statistical differences between groups were evaluated by unpaired, two-tailed Student's t test using GraphPad Prism 4.03 software. Values of P < 0.05 were considered statistically significant.
